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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of: 

Ernest De Ruiter 

Serial No. 10/567,794 

Filed February 9, 2006 

ACTIVATED CHARCOAL 
PRODUCTION 



) 

) Before the Examiner 

) 

) Not Yet Assigned 

■) - 

) Group Art Unit 

) 

) January 7, 2Q08 

) 

) 



I hereby certify that this correspondence is being 
electronically filed with the United States Patent and 
Trademark Office as a Designated/Elected Office of the 
PCTon 

January 7, 2008 

(Date of Deposit) 

James M. Durlacher 

Name of Registered Representative 

Signature 

January 7, 2008 
Date of Signature 



REQUEST TO WITHDRAW 
HOLDING OF ABANDONMENT 

Commissioner for Patents . 
P.O. Box 1450 
Alexandria, VA 223 13-1450 
BOXPCT 
Sir: 

The above-captioned patent application was forwarded to the U.S. Patent and 
Trademark Office, acting as a Designated/Elected Office of the PCT, on February 9, 2006 
by Express Mail. A Notification of Missing Requirements Under 35 U.S.C. 371 in the 
United States Designated/Elected Office (DO/EO/US) was issued August 11, 2006. A 
Response was timely filed and mailed to the U.S. PTO by Express Mail on September 18, 
2006 (see enclosed copy) and received by the U.S. PTO as of September 18, 2006 (see 
copy of returned postal card). However, a Notification of Abandonment was issued by 
the United States Patent and Trademark Office on December 11, 2007 (copy enclosed). 

Applicant hereby respectfully requests and petitions that the holding of 
abandonment be withdrawn for the above-identified patent'iapplication. 



1 



Although the Response to the Notification of Missing Requirements was timely 
filed, there is no record of the Response having been processed by the US PTO. The 
Response to the Notification of Missing Requirements is not listed on the "available 
documents" listing from the Patent and Trademark Office (see enclosed copy). 

Applicant's Attorney submitted a Request for Filing Receipt and enclosed a copy 
of the returned postal card from the filing of the Response to Missing Requirements on 
May 9, 2007. No action was taken by the U.S. PTO other than to abandon this 
application. 

Therefore, reinstatement of the subject patent application is respectfully 
requested. 

Although ho fee is believed to be due in order to reinstate the subject patent 
application, please charge any fees that are due to Deposit Account No. 23-3030. 

RespectfiiUy submitted, 

//James M. Durlacher, Reg. No. 28,840 
iy Woodard, Emhardt, Moriarty, 
McNett & Henry LLP 
111 Monument Circle, Suite 3700 
Indianapolis, Indiana 46204-5137 
(317)634-3456 
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United States B\tent and Trademark Offige 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 
P.O. Box 1450 

Alexnndria, Wginia 22313-1450 
www.a8pto.gov 



U.S. APPLICATION NUMBER NO. 



FIRST NAMED APPLICANT 



ATTY. DOCKET NO. 



1 0/567,794 Ernest Be Ruiter 

30565 

WOODARD, EMHARDT, MORIARTY, MCNETT & HENRY LLP 
111 MONUMENT CIRCLE, SUITE 3700 
INDIANAPOLIS, IN 46204-5137 

RECaVED ■ 
DEC 1 4 2007 



83 12-7/05. 1816.6.do 



INTER^JATIONAL APPLICATION NO. 



PCT/EP04/08314 



LA. FILING DATE 


PRIORITY DATE 


07/24/2004 


08/11/2003 



CONFIRMATION NO, 2686 
371 ABANDONMENT/TERMINATION 

LETTER 



Date Mailed: 12/11/2007 



If^j'Gcr^'^.r-?:^. E^;^i;■^ar(i£. Ct'lorcattir, 

NOTiFicAfiraisi'^^ ^Abandonment 



The United States Patent and Trademark Office in its capacity as a Designated / Elected Office (37 CFR 1.495) 
has made the following determination: 

• Applicant has failed to respond to the notification of MISSING REQUIREMENTS (Form PCT/DO/EO/906), 
mailed 08/11/2006 within the time period set therein. 

Therefore, the above identified application failed to meet the requirements of 35 U.S.C. 371 and 37 CFR 
1 .495,and is ABANDONED AS TO THE UNITED STATES OF AMERICA. 



DONNA S GREENE 



Telephone: (703) 308-9140 EXT 222 



FORM PCT/DO/EO/909 (371 Abandonment NoUce) 



page 1 of 1 



Attorney Docket No. 8312-7 



Initiate 8:ssJ!VID 



PATEftiT PROSECUTION 

Application/Patent No. 10/567.794 

Appllci^nt Ernest de RUITER 

Title ACTIVATED CHARCOAL PRODUCTION 



Date 09/18/06 



File/Issue Date lA FilinQ Date: July 24. 2004 



□ 
□ 
□ 
□ 
□ 

□ 
□ 



RsXum Receipt Postcard 
Transnnittal Form PTO/SB/21 
Fee Transmittal Fomri PTO/SB/17 
Credit Card Form PTO-2038 $13000 
Response to Notice of IVIissIng Parts 
Amendment/Response to Office Action 
Petition for Extension of Time PTO/SB/22 

Appiication Data Sheet 

Declaration Fomn PTO/SB/ 

pages 



Assignment Recordation Form PTO-1595 
Assignment Documents - pages 



□ 
□ 
□ 



ttomey Form PTg^ 
Power of Attomey/Corresp, 
PTO/SB/81 

CFR 3.73(b) Statemenyi^Jprn^ 
Infomnation Disclosunf>^lfe^e^~, 
Infomnation DiscipsuleJ^i^rlj 
PTO/SB/08 

endosedfeferen^x ,; ■\ 
Response!.ijfe-1fetifiG^y^'^ ^of' 




Missing 



Com 



ioeMfMisstn^Reiq li i rements; 



English: 



English: 



RECEIPT OF THE ATTACHED iS;HEREl 




:i^'on^^rjqinal POT text: 



ly of Amended claims. 



iOWLEDGED 



#419720 



EVS71QE7bSSUS 



COPY 



United States Patent & Trademark Office 



https://sportaLuspto.gOv/secure/myportayiut/p/kcxml/04_Sj9SPykssy.., 




United States Patent and Trademark Office 

Home I Site Index I Search | FAQ 1 Glossary i Guides { Contacts | eBusiness | eBiz Alerts j News i Help 



Poital He I Paten | Tradema | Oth« | Sign-Off Authenticated Session 



Patent eBusiness m M 

IS Electronic Filing 

5^ Patent Application Infoimatton 
(PAIR) 

S Patent Ownership 
1 Fees 

S Supplemental Resources & Support 

Patent Information 

Patent Guidance and General Info 
ufel Codes, Rules & Manuals 
^ Employee & Office Directories 
iH Resources & Public Notices 

Patent Searciies 

Patent Official Gazette 
S Search Patents & Applications 
M Search Biological Sequences 
H Copies. Products & Services 

Other 

Copyrights 
Trademarks 
Policy & Law 
Reports 



Secured Patent Application Information Retrieval 

DownS ^ Oi'der Certified Application As Filed Order Certified File Wrapper Viey 
10/567,794 Activated Charcoal Production 



This application is officially maintained in electronic form. To View: Click the desired Dc 
Description. To Download and Print: Check the desired document(s) and click Start Do\ 



Available Documents 



Document 
Code r 

LET. 



Mail Room Date II 

05-09-2007 

08-11-2006 M905 

04-25-2006 IDS 

04-25-2006 NPL 

02-09-2006 TRNA 

02-09-2006 SPEC 

02-09-2006 DRW 

02-09-2006 OATH 

02-09-2006 WFEE 

02-09-2006 IDS 

02-09-2006 FOR 

02-09-2006 FOR 

02-09-2006 FOR 

02-09-2006 371 P 



Document 
Description 

m 

Miscellaneous 
Incoming 
Letter 
Notice of 
DO/EO 
Missing 
Requirements 
Mailed 
Information 
Disclosure 
Statement 
(IDS) Filed 

Documents 
Transmittal of 
New 

Applicatio n 

Specification 

Drawings-only 

black and 

white line 

drawings 

Oath or 

Declaration 

S.!§d 

Fee 

Worksheet 

(FT0-Q6) 

Information 

Disclosure 

Statement 

(IDS) Filed 

F oreign 

Reference 

Foreign 

Reference 

Foreig n 

Reference 

Documents 

submitted 

with 371 

Applications 



' Document Category ESi Page Cou 



PROSECUTION 
PROSECUTION 

PROSECUTION 

PRIOR ART 

PROSECUTION 
PROSECUTION 

PROSECUTION 

PROSECUTION 
PROSECUTION 

PROSECUTION 

PRIOR ART 
PRIOR ART 
PRIOR ART 

PROSECUTION 



lof2 



12/10/2007 4:03 PM 



United States Patent & Trademark Office 



https://sportal.uspto.gOv/secure/myportayiut/p/kcxml/04_Sj9SPykssy.., 



02-09-2006 

02-09-2006 

02-09-2006 

02-09-2006 
02-09-2006 
02-09-2006 

02-09-2006 
02-09-2006 
02-09-2006 

02-09-2006 

02-09-2006 



371 P 

371 P 

371 P 

371 P 
ABST 
371 P 

371 P 

ABST 

FRPR 

FRPR 

371 P 



Documents 

submitted 

with 371 

Applications 

Documents 

submitted 

with 371 

Applications 

Documents 

submitted 

with 371 

Applications 

Documents 

submitte d 

with 371 

Applications 

Abstract 

Documents 

submitted 

with 371 

Applications 

Documents 

submitted 

with 371 

Applications 

Abstract 

Certified Copy 

of Foreign 

Priority 

Application 

Certified Copy 

of Foreign 

Priority 

Application 

Documents 

submitted 

with 371 

Applications 



PROSECUTION 

PROSECUTION 

PROSECUTION 

PROSECUTION 
PROSECUTION 
PROSECUTION 

PROSECUTION 
PROSECUTION 
PROSECUTION 

PROSECUTION 

PROSECUTION 



Select ALL Clear . 



If you need help: 

• Call the Patent Electronic Business Center at (866) 217-9197 (toll free) or e-mail 
EBC@uspto.QOv for specific questions about Patent Application Information Retriev 

• Send general questions about USPTO programs to the USPTO Contact Center (UCC 

• If you experience technical difficulties or problems with this application , please rep 
e-mail to Electronic Business Support or call 1 800-786-9199. 



You can suggest USPTO webpages or material you would like featured on this section by E-mail to tlie webmaster(a)uspto.q ov. whiie we cannot promise to accommodate all reque 

be considered and may lead to otiier improvements on the website. 



Home I Site Index | Search | eBusiness | Help i Privacy Policy 



2 of 2 



12/10/2007 4:03 PM 



hrom: Ubv i u Page: 1/1 Date: 5/9/2007 11 :11 :46 AM 
TO: Auto-reply fax to 317 er ;75ei COMPANY: 




Auto-Reply Facsimile Transmission 



TO: 

Fax Information 
Date Received: 
Total Pages: 



Fax Sender at 317 637 7561 



5/9/2007 11 :09:04 AM [Eastern Daylight Time] 
3 (including cover page) 
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the Office. Please checi< to make sure that the number of pages listed as received in Total Pages above matches 
what was intended to be sent Applicants are advised to retain this receipt in the unlikely event that proof of this 
facsimile transmission is necessary. Applicants are also advised to use the certificate of facsimile transmission 
procedures set forth in 37 CFR 1.8(a) and (b), 37 CFR 1.6(f). Trademark Applicants, also see the Trademark 
Manual of Examining Procedure (TMEP) section 306 et seq. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of: 

Ernest deRUITER 

Serial No. 10/567,794 

Intl Filing Date: July 24, 2004 

ACTIVATED CHARCOAL PRODUCTION 



Before the Examiner 
Not Yet Assigned 

Group Art Unit 

May 9, 2007 



REQUEST FOR 
FILING RECEIPT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 
ATTN: PCT 

ATTN: Office oflnitial Patent Examination's 
Filing Receipt Corrections 



Sir: 



I hereby certify that this correspondence is being 
telefaxed to the United States Patent and 
Trademark Office via Fax No. (571)-273-8300 
on 

May 9> 2007 

(Date of Deposit) 

James M. Durlacher 

Name of Registered Representative 

Signature 
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This is a request for the official filing receipt for the above-identified patent application. 
The application was filed with an unsigned Declaration. A Notification of Missing Requirements 
was issued under Confirmation No. 2686. A Response to the Notification of Missing 
Requirements was submitted to the U.S. Patent and Trademark Office by Express Mail on 
September 1 8, 2006. Enclosed is a photocopy of the returned postal card evidencing receipt by 
the US PTO of the Response to the Notification of Missing Requirements on September 18, 2006. 

Please issue the official filing receipt and forward it to the undersigned attorney of record 
as soon as possible. 

Respectfully submitted, 




James M. Durlacher, Reg. No. 28,840 
Woodard, Emhardt, Moriarly, 

McNett& Henry LLP 
1 1 1 Monument Circle, Suite 3700 
Indianapolis, Indiana 46204-5137 
(317)634-3456 
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Cardliolder Signature: 



Date: September 1 8, 2006 



Refund Policy: The USPTO may panlind a fee paid by mistake or in excess of tiiat required. A change of purpose after the payment of a fee 
will not entitle a party to a refund of such fee. The office will not refund amounts of $25.00 or less unless a refund is specifically requested, 
and will not notify the payor of such amounts (37 CFR 1 .26). Refund of a fee paid by credit card will be issued as a credit to the credit card 
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Amended Claims 1 to 17: 

1. A process for producing granular activated carbon, in particular spherical acti- 
vated carbon, by carbonization of suitable carbonaceous polymers in the form of 
polymer granules, in particular polymer spherules, as a starting material, which 
polymer granules are convertible by carbonization at least essentially into carbon, 
wherein the polymer granules, in particular polymer spherules, are continuously 
moved through a carbonization apparatus comprising a plurality of temperature 
zones so that an at least essentially complete conversion of the starting material to 
carbon is ejffected, wherein the carbonization apparatus comprises at least the fol- 
lowing temperature zones in the following order: 

a) optionally, a first temperature zone ("sulfonating zone") where in the case 
that the starting material contains no groups which, when thermally decom- 
posed, lead to free radicals and thus to cross-linkages, in particular no 
strongly acidic groups such as sulfonic acid groups, or else in the case that 
such groups are to be additionally introduced into the starting material, these 
groups are introduced into the starting material, in particular by sulfonation; 

b) a second temperature zone ("pre-carbonization zone" or "zone of acidic 
gases"), preferably having a higher average temperature than the first tem- 
perature zone, wherein in the second temperature zone the groups which, 
when thermally decomposed, lead to free radicals and thus to cross-linkages, 
in particular strongly acidic groups such as sulfonic acid groups, are detached 
or split off from the starting material, so that carbonization and/or thermal 
decomposition of the starting material ensues, preferably accompanied by 
crosslinking of the polymers and/or formation of carbon; 

c) a third temperature zone ("post-carbonization zone"), preferably having a 
higher average temperature than the second temperature zone, wherein in the 
third temperature zone further carbonization of the starting material resulting 
from the second temperature zone is performed, so that an at least essentially 
complete conversion of the starting material to carbon is effected; 

wherein liie individual temperature zones are separately and/or independently 
controlled. 
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.2. The process according to claim 1, characterized in that the carbonization appara- 
tus used is a belt-oven, in particular an oxidizing belt-oven. 

3. The process according to claim 1 or 2, characterized in that the polymer granules, 
in particular polymer spherules, are continuously moved through the temperature 
zones of the carbonization apparatus, in particular of the belt-oven, by means of 
transporting or conveying means, in particular by means of a moving transporting 
or conveying belt, such that an at least essentially complete conversion of the 
starting material to carbon is effected. 

4. The process according to any one of the preceding claims, characterized in that 
the starting material used comprises polymers in the form of polymer granules, in 
particular polymer spherules, based on styrene and divinylbenzene and containing 
chemical groups which, when thermally decomposed, lead to free radicals and 
thus to cross-linkages, in particular strongly acidic groups such as sulfonic acid 
groups. 

5. The process according to claim 4, characterized in that the chemical groups lead- 
ing to cross-linkages, in particular strongly acidic groups such as sulfonic acid 
groups, are akeady present in the starting material and/or in that the weight ratio 
of polymers to sulfonic acid groups is in the range from about 5 :1 to about 1 : 1 
and in particular in the range from about 2: 1 to about 1:1. 

6. The process according to claim 4 or claim 5, characterized in that the starting ma- 
terial used comprises ion-exchanger resins, in particular preferably strongly acidic 
cation-exchanger resins, in particular ion-exchanger resins having sulfonic acid 
groups, and/or acidic organic catalysts, such as catalysts for bisphenol synthesis 
or for MTBE synthesis. 

7. The process according to claim 6, characterized in that the starting material, in 
particular the ion-exchanger resins and/or the acidic organic catalysts, has added 
to it before and/or during the carbonization a sulfonating agent, preferably SO3, 
preferably in the form of sulfuric acid and/or oleum, in particular in an amount of 
about 1 % to about 30 % by weight of SO3, in particular 5 % by weight to about 
25 % by weight of SO3, based on the dry weight of the starting material. 

8. The process according to claim 4, characterized in that the chemical groups 
which, when thermally decomposed, lead to free radicals and thus to cross- 
linkages, in particular strongly acidic groups such as sulfonic acid groups, are, be- 
fore and/or during the carbonization, introduced into the starting material, in par- 
ticular by sulfonation, preferably by addition of a sulfonating agent, in particular 
SO3, preferably in the form of oleum and/or sulfuric acid, more preferably in the 
form of oleum mixed with sulfuric acid, in particular wherein the non-sulfonated 
polymeric starting material is before being introduced into the carbonization ap- 
paratus contacted with the sulfonating agent, preferably such that the polymeric 
starting material is at least essentially completely wetted with sulfonating agent. 
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9. The process according to claim 8, characterized in that the sulfonating agent, in 
particular concentrated sulfuric acid and/or oleum, is used in relation to the poly- 
meric starting material to be sulfonated in weight-based ratios of sulfonating 
agent to polymeric starting material in the range from 0.2:1 to 2:1, in particular in 
the range from 0.4: 1 to 1 .5: 1, and/or in that the weight ratio of polymer to oleum 
20 % is up to about 1 : 1 or more, and/or in that the weight ratio of polymer to 
oleum 20 % to sulfuric acid is about 1:1:0.5. 

10. The process according to claim 8 or 9, characterized in that the starting material 
used comprises polymer granules, in particular polymer spherules, based on sty- 
rene and divinylbenzene, and/or in that the starting material used comprises pre- 
cursors of ion-exchanger resins, 

1 1 . The process according to one or more of the preceding claims, characterized in 
that the polymer granules, in particular polymer spherules, are porous, in particu- 
lar macroporous, and/or gel-like. 

12. The process according to any one of the preceding claims, characterized in that 
the individual temperature zones possess separate and/or independent exhaust 
means, so that the process gases from the different temperature zones are sepa- 
rated and/or separately collected, and/or in that the carbonization apparatus com- 
prises at least one lock, in particular between individual successive temperature 
zones and/or within individual temperature zones, preferably at least between the 
second and third temperature zones, so that there is at least essentially no mixing 
through of process gases from different temperature zones between which at least 
one lock is disposed, and/or so that the acidic process gases from the second tem- 
perature zone are not mixed with the other process gases and can be collected 
separately, if appropriate followed by disposal or reprocessing with subsequent 
recycling. 

13 . The process according to any one of the preceding claims, characterized in that 
the process control is performed by setting the temperature profile in the individ- 
ual temperature zones and/or by setting the speed at which the starting material 
moves through the temperature zones of the carbonization apparatus, and/or in 
that the total residence time of the starting material in the carbonization apparatus 
is in the range from 0.1 to 5 hours, in particular in the range from 0.25 to 4 hours 
and preferably in the range from 0.5 to 3 hours. 

14. The process according to any one of the preceding claims, characterized in that 
the first temperature zone is operated at temperatures in the range of from 50 to 
200 °C, in particular in the range of from 75 to 175 °C and preferably in the range 
of from 100 to 150 ""C, and/or in that the second temperature zone is operated at 
temperatures in the range of from 100 to 500 ''C, in particular in the range of from 
150 to 450 °C, and/or in that the third temperature zone is operated at tempera- 
tures above 400 "^C, in particular above 450 ""C to 500 ^C, and/or in that the third 
temperature zone is operated at temperatures in the range of from 400 to 1.200 
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°C, in particular in the range of from 450 to 1 ,000 °C, preferably in the range of 
from 500 °C to 900 °C and more preferably in the range of from 550 to 850 °C. 

15. The process according to one or more of the preceding claims, characterized in 
that the carbonized material is subsequently subjected to an activation. 

16. The process according to claim 15, characterized in that the activation is similarly 
carried out in the carbonization apparatus or else in that the activation is carried . 
out in a distinct apparatus and/or at different locations and/or times than the car- 
bonization. 

17. The process according to claim 15 or 16, characterized in that the activation is 
carried out in a conventional manner, in particular wherein the activation is car- 
ried out in the presence of customary activating gases, such as oxygen, in particu- 
lar in the form of air, water vapor and/or carbon dioxide or mixtures of these acti- 
vating gases, preferably in the presence of a mixture of water vapor and nitrogen, 
and/or in particular wherein the activation is carried out at temperatures in the 
range of from about 700 to 1 .200 °C, in particular in the range of from about 800 
°C to about 1.100 °C, preferably in the range of from about 850 ''C to about LOOO 
°C and more preferably in the range of from about 900 to about 975 °C, and/or in 
particular wherein the duration of the activation is in the range of from about 0.5 
to about 20 hours, in particular in the range of from about 2 hours to about 

15 hours and preferably in the range of from about 5 hours to about 10 hours. 
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Activated Charcoal Production 

The present invention relates to a process for producing activated carbon, particularly in 
granule form ("granulocarbon"), preferably in spherical form (^'spherocarbon"), and also 
5 to the thus produced activated carbon products and their use for various applications, 
particularly for filters or for protective materials, for example protective suits. 

Activated carbon has fairly unspecific adsorptive properties and for this reason is the 
most widely used adsorbent. Legislative strictures as v^ell as the rising sense of respon- 
10 sibility for the environment lead to a rising demand for activated carbon. 

Activated carbon is generally produced by smoldering (also referred to by the syno- 
nyms of "carbonization" and "pyrolysis") and subsequent activation of carbonaceous 
compounds, preferably such starting compounds or reactants that lead to economically 
15 reasonable yields because the weight losses through split-off of volatile constituents in 
the course of smoldermg and through burn-out in the course of activation are apprecia- 
ble. For further details concerning the production of activated carbon, see for example 
H. V. Kienle and E. Bader, Aktivkohle und ihre industrielle Anwendung [Activated 
Carbon and Its Industrial Use], Enke Verlag Stuttgart, 1980. . 

20 

The constitution of the activated carbon produced - finely or coarsely porous, firm or 
brittle - is also dependent on the starting material. Examples of customary starting ma- 
terials are coconut shells, wood wastes, peat, bituminous coal, pitches, but also particu- 
lar plastics or polymers which play a certain part in the production of woven activated 
25 carbon fabrics for example. 

Activated carbon is used in various forms: pulverized carbon, splint coal carbon, granu- 
locarbon, molded carbon and also, since the end of the 1970s, spherical activated car- 
bon ("spherocarbon"), as well as fibrous activated carbon ("fibrocarbon", for example in 

30 the form of fabrics of activated carbon fibers). Spherical activated carbon in particular 
has a number of advantages compared with other forms of activated carbon, such as 
pulverized, splint coal, granulocarbon and the like that malce it valuable or even indis- 
pensable for certain applications: It is free flowing, enormously abrasion resistant (dust- 
less) and very hard. However, owing to its high cost, its use is essentially limited to pro- 

35 tective suits and high-performance filters for noxiants in air-streams. 

Granulocarbon, especially spherocarbon, is in great demand on account of its specific 
shape, but also on account of its extremely high abrasion-resistance, for example for 
particular fields of use, examples being sheet filters for protective suits against chemical 

40 poisons and filters for low noxiant concentrations in large volumes of air. For instance, 
when reticulated, large-cell polyurethane foams are loaded with activated carbon as de- 
scribed in DE 38 13 563 Al, for example, only a very free-flowing carbon can be used 
if optimal coverage of the inner layers of the foam material is to be achieved as well. 
The manufacture of protective suits against chemical poisons on the lines of 

45 DE 33 04 349 C3, for example, can likewise utilize only a highly abrasion-resistant car- 
bon, and only spherocarbon fits this description. 
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Spherocarbon is even now mostly produced by multistage processes which are very 
costly and inconvenient. The most well-known process consists in spherules being pro- 
duced from coal tar pitch and suitable asphaltic residues from the petrochemical indus- 
5 try and oxidized (to render them unmeltable), smoldered and activated. For example, 
spherocarbon can be produced from bitumen in a multistage process. These multistage 
processes are very cost-intensive and the associated high cost of this spherocarbon pre- 
vents many applications wherein spherocarbon ought to be preferable by virtue of its 
properties. 

10 

There have consequently been various attempts to produce high-grade spherocarbon in 
some other way: 

It is prior art to produce spherocarbon by smoldering and subsequent activation of new 

15 or used ion-exchangers containing sulfonic acid groups, or by smoldering ion- 
exchanger precursors in the presence of sulfuric acid and subsequent activation, the sul- 
fonic acid groups and the sulfuric acid respectively having the function of a crosslinker, 
the yields obtained, which do not depend on whether ready-produced cation-exchanger 
resins or unsulfonated ion-exchanger precursors are used as starting material, being 

20 about 30 % to 50 %, based on organic or polymeric starting material Such processes 
are described, for example, m DE 43 28 219 Al and DE 43 04 026 Al and also in 
DE 196 00 237 Al including the German patent application DE 196 25 069 Al . But 
these processes are disadvantageous and problematic in particular because of the large 
amounts of sulfur dioxide released (about 1 kg of SO2 per kg of end product) and also 

25 because of the (partly) associated corrosion problems in the maaufacturing equipment. 
When used ion-exchanger resins, especially used cation-exchanger resins, are used as 
starting materials, there is also the problem that these, although they have been washed 
with acid, are contaminated with cations which then accumulate in the end-product, so 
that the production of major amounts of spherocarbon in consistent quality is conse- 

30 quently very difficult. When ion-exchanger precursors, i.e. polymer spherules without 
exchanger groups like sulfonic acid groups, are used, it is additionally necessary to use 
large amounts of sulfuric acid and/or oleum for the crosslinking during the smoldermg. 

WO 98/07655 Al describes a process for producing spherules of activated carbon 
35 wherein a mixture comprising a distillation residue from diisocyanate production and a 
carbonaceous processing aid or additive with or without one or more further additives is 
processed into free-flowing spherules which are subsequently smoldered and then acti- 
vated. This process likewise releases, in the course of the smoldering step, large pulses 
of decomposition products, which is associated with the problems described above, 

40 

WO 01/83368 Al describes a process for producing spherical activated carbon by 
smoldering and activation of polymer spherules based on styrene and divinylbenzene 
and containing chemical groups which, when thermally decomposed, lead to free radi- 
cals and thus to cross-linkages, especially sulfonic acid groups, wherein the polymer 
45 spherules are initially continuously pre-smoldered and subsequently discontinuously 
post-smoldered and activated. The two-stage operation of smoldering/carbonization as 
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pre-smoldering (i.e. pre-carbonization) and post-smoldering (i.e. post- carbonization) is 
not always achievable, often as a result of limitation imposed by the equipment actually 
available. 

5 The problem underlying the present invention consists in providing a process for effi- 
cient production of activated carbon, particularly in granule or sphere form. The process 
shall make it possible to produce activated carbon in a less inconvenient and in particu- 
lar in a very economical manner. 

10 Applicant has now found that, surprisingly, the problem underlying the present inven- 
tion is solved when in the process for producing granular, in particular spherical acti- 
vated carbon starting from suitable carbonaceous polymers (for example organic poly- 
mers) as a starting material which are convertible by carbonization mto carbon at least 
essentially, the step of carbonization is effected by moving the starting material con- 

15 tinuously through a carbonization apparatus comprising a plurality of temperature zones 
(i.e. reaction zones) or a temperature gradient such that an at least essentially complete 
conversion of the starting material to (elemental) carbon is effected. 

The present invention accordingly provides a process according to claim 1. 

20 

The fundamental principle of the present invention thus consists in conducting the en- 
tire carbonization operation, with its various process steps or sectors to be carried out at 
different temperatures, in just a single apparatus which has to comprise, as proposed, a 
plurality of temperature zones or a temperature gradient for this purpose. This makes it 
25 possible to perform the carbonization operation continuously, i.e., without any interrup- 
tion, in particular without the apparatus being changed, which allows a not insignificant 
simplification and efficiency enhancement of the process operation, associated with 
economic savings. 

30 The temperature zones or the temperature gradient on the one hand and, on the other, 

the speed at which the starting material moves through the carbonization apparatus have 
to be chosen and in particular conformed to each other such that an at least essentially 
complete conversion of the carbonizable starting material to carbon is effected. The ar- 
rangement and choice of the constitution of the temperature zones or of the temperature 

35 gradient in cooperation with the speed at which the starting material moves through the 
carbonization apparatus constitute means for specifically controlling or influencing the 
processing sequence of the present invention. 

In general, the conveying of the starting material according to the present invention is 
effected in that the starting material is continuously moved through the temperature 
40 zones and/or the temperature gradient of the carbonization apparatus by means of trans- 
porting or conveying means, in particular by means of a moving transporting or convey- 
ing belt, such that an at least essentially complete conversion of the starting material to 
carbon is effected. The speed of the conveying belt has to be conformed to the tempera- 
ture profile of the temperature zones or of the temperature gradient, and/or vice versa. 

45 
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The carbonization apparatus used for carrying out the process of the present invention is 
for example a continuous rotary tube or a continuous rotary tube oven; here, the 
charged material, i.e., the carbonizable starting material, can be conveyed or transported 
by means of suitable transporting or conveying means, respectively, through the rotary 
5 tube or through the rotary tube oven, examples being suitable propulsive bodies, for ex- 
ample a screw conveyor. It is similarly possible to transport or convey the charged ma- 
terial through appropriate inclination of the rotary tube or the rotary tube oven. It is 
similarly possible to provide a combination of the aforementioned measures to transport 
or convey the charged material through the rotary tube or through the rotary tube oven. 

10 

A so-called belt-oven, in particular a so-called oxidizing belt-oven (i.e. oxidation belt- 
oven), is a particularly suitable carbonization apparatus for carrying out the process of 
the present invention. Such systems are marketed by numerous firms, for example by 
Sarnes Ingenieure of Ostfildern in Germany, and comprise in general a combined unit 
15 of transportmg/conveying belt on the one hand and oven/heating apparatus on the other, 
the material to be treated in the oven or heating means being transportable or convey- 
able through tiie interior of the oven or heating means via the transporting/conveying 
belt 

20 Useful starting materials for the inventive production of activated carbon are smolder- 
able or carbonizable polymers, i.e. carbonaceous polymers convertible by pyrolysis or 
carbonization to elemental carbon at least essentially. 

The form or shape of the polymeric starting material is in general at least essentially or 
25 substantially preserved in the carbonization operation, which with or without subse- 
quent activation does however give rise to a reduction in the particle size or particle di- 
ameter. Consequently, to produce activated carbon in granule form, in particular in 
sphere form, polymer granules or spherules, i.e. polymers in granule or sphere form or 
substantially in granule or sphere form, have to be used as starting materials (the poly- 
30 mer granules or spherules used according to the present invention generally have di- 
ameters of up to about 2 mm and in particular of up to about 1.5 mm or less). Similarly, 
the particle size of the granule- or spherocarbon obtained depends on the size of the 
granules or spherules in the starting material Commercially available starting materials 
generally lead to activated carbon granules or spherules about 0. 1 mm to about 2.0 mm 
35 in diameter, in particular in the range from about 0.2 mm to about 1 .0 mm and prefera- 
bly in the range from about 0.3 mm to about 0.8 mm, with average values in the range 
from about 0.4 mm to about 0.6 mm. 

The polymeric starting material may be for example in porous, in particular macropor- 
40 ous, and/or geHike form. In the case of gel-like starting materials, preference is given 
to using microporous polymeric particles. Preference is given to using macroporous or 
microporous gel-like starting materials. Because the form or shape of the polymeric 
starting material is in general at least essentially or substantially preserved in the car- 
bonization operation, the properties, in particular the morphology (for example poros- 
45 ity), of the smoldered/carbonized products can be controlled or influenced through spe- 
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cific choice of the starting material. For example, the porosity of the starting material 
also determines the porosity of the smoldered/carbonized products. 

Useful starting materials include for example organic polymeric granules or spherules 
5 which possess a polymeric skeleton consisting essentially of polystyrene, in which case 
the polystyrene chains can be locally connected or crosslinked by means of a compo- 
nent having at least two vinyl groups per molecule, in particular divinylbenzene, and 
the polymer skeleton may contain functional chemical groups which, when thermally 
decomposed, lead to free radicals and thus to cross-linkages, in particular sulfonic acid 

10 groups. More particularly, the starting material used for the inventive production of 
granular or spherical activated carbon comprises organic polymeric granules or spher- 
ules based on divinylbenzene-crosslinked polystyrene which contain functional che- 
mical groups, in particular acidic groups such as sulfonic acid groups, \yhich, when 
thermally decomposed, lead to free radicals and thus to cross-linkages; the divi- 

15 nylbenzene content may be up to about 20 % by weight, in particular up to about 15 % 
by weight and preferably up to about 10 % by weight, based on the polymer spherules. 
But instead of divinylbenzene, the polystyrene may also be crosslinked using a compa- 
rable organic, in particular aromatic organic compound having at least two crosslinking 
groups, in particular vinyl groups, per molecule that is suitable for crosslinking polysty- 

20 rene. 

The weight ratio of polymer to chemical groups which, when thermally decomposed, 
lead to free radicals and thus to cross-linkages, in particular the weight ratio of polymer 
to sulfonic acid groups, can vary within wide limits; advantageously, it is generally in 
25 the range of from about 5 : 1 to about 1 : 1 , in particular in the range of from about 2: 1 to 
about 1:1. It is nonetheless possible to depart from the values mentioned. 

In a first embodiment of the process according to the present invention, the chemical 
groups leading to cross-linkages, in particular strongly acidic groups such as sulfonic 
30 acid groups, are already present in the starting material. 

Nonlimiting examples of polymeric starting materials where the chemical functional 
groups, in particular sulfonic acid groups, leading to cross-linkages in the course of car- 
bonization or pyrolysis are already present in the actual starting material are ion- 

35 exchanger resins, in particular strongly acidic cation exchanger resins, such as cation- 
exchanger resins, having sulfonic acid groups. The ion-exchanger resins in question 
may be unused ion-exchanger resins or else used ion-exchanger resins. In the case of 
used cation-exchangers, these may be contaminated with metal ions which are then pre- 
sent in the end-product as catalytic metallic impregnation. In the case that used or spent 

40 ion-exchangers are used as starting material, the present invention similarly concerns a 
process for disposing of used or spent ion-exchangers. This is because the process of 
the present invention is able to convert the used ion-exchangers to be disposed of into a 
useful product - i.e. activated carbon - which contributes to environmental protection 
by virtue of its ability to adsorb environmental poisons. 
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A further example of polymeric starting materials wherein the chemical functional 
groups, in particular sulfonic acid groups, leading to cross-linkages in carbonization or 
pyrolysis are already present in the actual starting material is acidic organic catalysts, 
for example catalysts for bisphenol synthesis or for MTBE (methyl tert. -butyl ether) 
5 synthesis, preferably organic catalysts containing sulfonic acid groups. Particular pref- 
erence is given to acidic organic catalysts of the above-described kind which may be 
porous and/or gel-like. This is because applicant has surprisingly found that for exam- 
ple the deactivated acidic organic catalysts generated in MTBE or bisphenol synthesis 
are a good starting material for the production of granulo- or spherocarbon. The granu- 
le lar or spherical catalyst material coming from the bisphenol or MTBE synthesis reactor 

- if appropriate after washing and drying - can then be smoldered/carbonized and, if 
appropriate, activated according to the present invention. Still-adhering phenol in the 
case of catalysts from the bisphenol process is destroyed in the carbonization or pyroly- 
sis or/and burned in the post-carbonization step. The yields of activated carbon granules 

15 or spherules in the case of the organic catalysts are similar to those obtained in the case 
of cation exchangers. Unlike with used ion exchangers, however, with used organic 
catalysts there is no need to consider the problem of cations accumulating in the carbon. 
According to the present invention, the spent or exhausted acidic organic catalysts from 
MTBE synthesis or from the synthesis of bisphenol from phenol and acetone which are 

20 generated as waste can readily be used as starting materials and disposed of in this way. 
When spent or deactivated acidic polymeric organic catalysts based on styrene and di- 
vinylbenzene, in particular from the MTBE process or from the bisphenol process, are 
used as starting material, the present invention similarly concerns a process for dispos- 
ing of spent catalysts or catalysts which have become inert. The process of the present 

25 invention makes it possible to convert the wastes to be disposed of into a useful product 

- activated carbon - which contributes to environmental protection by virtue of its abil- 
ity to adsorb environmental poisons. 

Even though the chemical groups, in particular strongly acidic groups such as sulfonic 

30 acid groups, leading to cross-linkages are already present in the starting material, it may 
be preferable to contact the starting material, in particular the ion-exchanger resins or 
the acidic organic catalysts, before and/or during the carbonization with a sulfonating 
agent, preferably SO3, more preferably in the form of sulfuric acid and/or oleum, in par- 
ticular in an amount from about 1 % to about 30 % by weight of SO3 and in particular 5 

35 % by weight to about 25 % by weight of SO3, based on the dry weight of the starting 

material; this additionally increases the number of free radicals formed in the carboniza- 
tion and leads to increased cross-linkages in the polymers, so that finally more stable or 
more compact, in particular more abrasion-resistant, end-products in the form of carbon 
granules or carbon spherules result and more particularly the yield of activated carbon 

40 is increased as well. As well as increasing the yield of end product or activated carbon, 
the times for the carbonization can also be distinctly shortened as a result This is be- 
cause, as applicant has found, the yields of activated carbon can be increased with in- 
creasing acid content or sulfonic acid group content of the starting material. For exam- 
ple, starting materials, in particular ion-exchangers or catalysts, having a lower acid 

45 content can be admixed with some oleum and/or sulfuric acid to improve the yield. 

Normally, for example, about 1 % to about 30 % by weight of bound or free SO3, based 
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on the polymer fraction in the starting materialj is sufficient. The introduction of addi- 
tional sulfonic acid groups by sulfonation can be carried out either as a separate process 
step outside the carbonization apparatus (either continuously or discontinuously) or else 
advantageously in the carbonization apparatus itself, as more particularly described 
5 hereinbelow. This offers the decisive advantage that not just the entire carbonization 
operation can be carried out continuously within one apparatus, but the additional sul- 
fonation too can take place in the same apparatus as a process step upstream of the car- 
bonization operation, 

10 In a further, alternative embodiment of the process according to the present invention, 
the chemical groups which, when thermally decomposed, lead to free radicals and thus 
to cross-linkages, in particular strongly acidic groups such as sulfonic acid groups, are 
introduced into the starting material before and/or during the carbonization operation. 
This can be done for example by sulfonating the polymeric starting material, preferably 

15 by addition of a sulfonating agent, in particular SO3, preferably in the form of oleum 

and/or sulfuric acid, . more preferably in the form of oleum mixed with sulfuric acid. The 
unsulfonated starting material is contacted with the aforementioned sulfonating agent, 
for example by mixing the polymer granules or spherules with the sulfonating agent, in 
particular oleum and/or sulfuric acid, for which care should be taken to ensure that the 

20 polymeric starting material is contacted or mixed very homogeneously and completely 
with the sulfonatuig agent without "dry places/zones" (i.e. unwetted places/zones of the 
starting material) being lefl behind on the starting material This can be ensured by us- 
ing an excess of sulfonating agent to produce a "wet mix" in the form of a homogene- 
ous porridge which then, under elevated temperatures, finally leads to the sulfonation of 

25 the starting material. But it is particularly preferable for the non-sulfonated polymeric 
starting material (in particular a starting material in the form of polymer granules or 
spherules, preferably based on divinylbenzene-crosslinked polystyrene) to be contacted, 
before introduction to the carbonization apiparatus, with the sulfonating agent such that 
an at least essentially complete wetting of the polymeric starting material or of the 

30 polymer granules or spherules with the sulfonating agent is ensured; this is advanta- 
geously accomplished by contacting the non-sulfonated polymeric starting material 
with the sulfonating agent in suitable mixing means by intensive mixing or commixing, 
preferably such that an at least essentially complete wetting of the polymeric starting 
material takes place, preferably in a twin-screw extruder to which the polymeric starting 

35 material to be sulfonated and the sulfonating agent can be fed in a suitable manner (for 
example via separate feed channels); this particular embodiment has the advantage that 
a homogeneous, uniform and essentially complete wetting of the polymeric starting ma- 
terial with the sulfonating agent is achieved and, on the other hand, favorable mixing ra- 
tios, in particular relatively low amounts of sulfonating agent, can be used by virtue of 

40 the intensive co-mixing; in other words, a (large) excess of sulfonating agent does not 
have to be used; the aforementioned particular embodiment, which utilizes mixing 
means ensuring intensive co-mixing of the sulfonating agent with the polymeric starting 
material to be sulfonated, further provides relatively short residence times, which is fa- 
vorable with regard to the process sequence, since high throughputs can be achieved. 

45 Preferably, the contacting of the non-sulfonated polymeric starting material with the 
sulfonating agent takes place in a temperature range between room temperature (about 
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20 ^^C) and at temperatures below the melting point or melting range of the polymeric 
starting material, preferably in the range from about 20 °C to about 100 to 150 "C, pref- 
erably at room temperature. Useful sulfonating agents include in particular sulfuric 
acid, oleum and sulfuric acid/oleum mixtures; the sulfuric acid used is preferably con- 
5 centrated sulfuric acid, more preferably 90 % to 100 % sulfuric acid, even more pref- 
erably in a mixture with oleum (oleum is a particular form of concentrated sulfuric acid 
which contains varying amounts of sulfur trioxide SO3; 20 % oleum for example con- 
tains 20 % of sulfur trioxide). In general, the sulfonating agent (in particular concen- 
trated sulfuric acid and/or oleum) is used in relation to the polymeric starting material to 
10 be sulfonated in weight-based ratios of sulfonating agent to polymeric starting material 
in the range from 0.2: 1 to 2: 1, in particular m the range from 0.4 : 1 to 1 .5 : 1. 

The unsulfonated starting material is suitably sulfonated using ia particular oleum, in 
which case the polymer/oleum 20 % weight ratio can be up to about 1 : 1 or more for ex- 
15 ample, or else oleum-sulfuric acid mixtures, in which case the polymer/oleum 20 
%/sulfuric acid weight ratio can be about 1:1:0.5 for example. 

The sulfonation itself can be carried out as a separate process step outside the carboni- 
zation apparatus (either continuously or discontinuously) or else advantageously in the 

20 carbonization apparatus itself, as will be more particularly described hereinbelow. The 
last-mentioned possibility offers the decisive advantage that not just the entire carboni- 
zation operation can be carried out within one apparatus and continuously but also - in 
the case of unsulfonated starting materials or startmg materials having low sulfonic acid 
group contents - the sulfonation can be provided in the same apparatus as a process step 

25 upstream ofthe carbonization operation. 

. This second embodiment, which utilizes starting materials where the chemical groups 
which, when thermally decomposed, lead to free radicals and thus to cross-linkages (for 
example strongly acidic groups such as sulfonic acid groups) have to be introduced into 
30 the starting material before and/or during carbonization, offers the advantage over the 
first embodiment that less costly materials are used. 

Examples of starting materials suitable according to the present invention which are m 
accordance with the second embodiment and where chemical groups which, when 

35 thermally decomposed, lead to free radicals and thus to cross-linkages (examples being 
strongly acidic groups such as sulfonic acid groups) are introduced into the starting ma- 
terial before and/or during the carbonization operation are for example polymer gran- 
ules, in particular polymer spherules, based on styrene and divinylbenzene, for example 
precursors of ion-exchanger resins, as described above. The precursors for ion- 

40 exchangers can hi principle be gel-like or macroporous. The latter are significantly 

more expensive, mainly on account of their considerably higher divinylbenzene content. 
Their numerous mesopores are fully preserved during the conversion into activated car- 
bon, and this is important for some applications. The gel-types, by contrast, lead to 
markedly microporous carbons. The pore volume may be up to 90 % to 95 % present.as 

45 micropores. The gel-types often contain about 2 % to about 8 % of divinylbenzene. But 
even only lightly crosslinked types having a lower level of divinylbenzene (about 2 % 
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to 4 % of divinylbenzene) survive the severe swelling in the acid, thus do not burst or 
break apart into semispheres. It has emerged that types having a very lov^ divinylben- 
zene content are very suitable for the purposes of the present invention, A much more 
important aspect is the sulfonation, which has to be as complete as possible, since the 
decomposition of the sulfonic acid groups gives rise to those jfree radicals which lead to 
the cross-linkages responsible for the yield. While not only macroporous but also gel- 
types can be used when starting from cation-exchangers and the choice is more a ques- 
tion of economics, gel-types are preferred when precursors of ion-exchangers (= pure 
polymers) are used. The reason is as follows: The macroporous precursors absorb a 
great deal of acid or oleum in their large pores in the manner of a sheet of blotting pa- 
per, so that the mixture of polymer and acid is dry or sandy and a uniform distribution 
of the acid is scarcely achieved. Apart from that, however, the carbonization and activa- 
tion of cation-exchangers leads to comparable products than when starting from precur- 
sors and acid. 

To carry out the process of the present invention, a preferred embodiment of the present 
invention is characterized in that the carbonization apparatus comprises at least the fol- 
iowuig temperature zones in the following order: 

a) optionally, a first temperature zone ("sulfonatmg zone") where in the case that the 
starting material contains no groups which, when thermally decomposed, lead to 
free radicals and thus to cross-linkages, in particular no strongly acidic groups 
such as sulfonic acid groups, or else in flie case that such.groups are to be addi- 
tionally introduced into the starting material, these groups are introduced into the 
starting material^ in particular by sulfonation; 

b) a second temperature zone ("pre-carbonization zone" or "zone of acidic gases"), 
preferably having a higher average temperature than the first temperature zone, 
wherein in the second temperature zone the groups which, when thermally de- 
composed, lead to free radicals and thus to cross-linkages, in particular strongly 
acidic groups such as sulfonic acid groups, are detached or split off from the start- 
ing material, so that carbonization and/or thermal decomposition of the starting 
material .ensues, preferably accompanied by a crosslinking of the polymers and/or 
a formation of carbon; and 

c) at least one third temperature zone ("post-carbonization zone"), preferably having 
a higher average temperature than the second temperature zone, wherein in the 
third temperature zone further carbonization of the starting material resulting 
from the second temperature zone is performed, so that an at least essentially 
complete conversion of the starting material to carbon is effected. 

The process of the present invention thus offers the decisive advantage that the entire 
smoldering or carbonizing operation, i.e. pre-carbonization plus post-carbonization, and 
additionally, if appropriate, the preceding sulfonating operation, can be operated con- 
tinuously in a single apparatus. 
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As stated above, a first temperature zone a) can for the case that the starting material 
contains no groups which, when thermally decomposed, lead to free radicals and thus to 
cross-linkages, in particular no strongly acidic groups such as sulfonic acid groups, or 
else for the case that such groups are to be additionally introduced into the starting ma- 

5 terial, can be the location for the introduction or the additional introduction of these 
groups into the starting material, in particular by sulfonating. This is why this zone is 
also referred to as "sulfonating zone". Sulfonating is effected in a conventional manner 
as already described. In general, the first temperature zone is operated for this purpose 
at temperatures in the range of from 50 to 200 ^C, in particular in the range from 75 to 

10 175 °C and preferably in the range from 100 to 150 °C. However, this temperature zone 
is optional and can be dispensed with if, for example, starting material having a suffi- 
cient content of groups which, when thermally decomposed, lead to free radicals and 
thus to cross-linkages, in particular sulfonated starting material (for example strongly 
acidic cation-exchangers having sulfonic acid groups), is used or else the sulfonation is 

15 carried out separately in an upstream step. Advantageously, when an unsulfonated 

polymeric starting material is used, this starting material is contacted with the sulfonat- 
ing agent before introduction into the sulfonating zone, preferably such that an at least 
essentially complete wetting of the polymeric starting material or of the polymer gran- 
ules or spherules with the sulfonating agent is ensured; for further details in this regard, 

20 see the above observations. 

The two subsequent temperature zones b) and c) then effect the carbonization of the sul- 
fonated starting material, i.e. in two stages, namely pre-carboniz:ation b) (second tem- 
perature zone or "pre-carbonization zone") and post-carbonization c) (third temperature 

25 zone or "post-carbonization zone"). Since the pre-carbonization b) in the second tem- 
perature zone releases, through the specific decomposition of the starting material, 
acidic gases (mainly SO2, as well as small amounts of SO3, H2SO4 and also, if appro- 
priate, other acidic gases), Uiis zone is also referred to as "zone of acidic gases". The 
third temperature zone or post-carbonization zone c), by contrast, does not release any 

30 acidic gases, but predominantly carbon oxides, such as carbon monoxide and carbon di- 
oxide, hydrocarbons, hydrogen and water. 

The temperatures at which the second and third temperature zones b) and c) can be op- 
erated can vary within wide limits. For example, the second temperature zone b) can be 

35 operated at temperatures in the range from 100 to 500 and in particular in the range 
from 150 to 450 °C. The third temperature zone c) can be operated for example at tem- 
peratures above 400 °C, in particular above 450°C to 500 °C, for example at tempera- 
tures in the range from 400 to 1.200 °C, in particular in the range from 450 to 1.000 ""C, 
preferably in the range from 500 °C to 900 °C and more preferably in the range from 

40 550 to 850 °C. 

Smoldering - also referred to by the synonyms of "carbonization" or "pyrolysis" and 
consisting in the case of the present invention of pre-carbonization b) (second tempera- 
ture zone) and post-carbonization (third temperature zone) - converts the carbonaceous 
45 starting material to carbon; in other words, the starting material is carboned or carbon- 
ized. Smoldering or carbonization, which detaches or sets free volatile constituents such 
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as in particular SO2, destroys the functional chemical groups, in particular sulfonic acid 
groups, to form free radicals which effect the pronounced crosslinking without which 
there would be no pyrolysis residue (= carbon). In general, the pyrolysis or carboniza- 
tion is carried out under an inert atmosphere (for example nitrogen) or an at most 
5 slightly oxidizing atmosphere. It can similarly be advantageous for the inert atmosphere 
of the carbonization operation, in particular if it is carried out at comparatively high 
temperatures (for example in the range from about 500 °C to 650 ""C), to be admixed 
with a minor amount of oxygen, especially in the form of air (for example 1 % to 5 %) 
in order that an oxidation of the carbonized polymer skeleton may be effected and acti- 
10 vation may thereby be facilitated. 

Advantageously, the individual temperature zones are separately or independently con- 
trollable. The individual temperature zones can each be assigned takeoff means, in 
which case it may be preferable for the individual temperature zones to be assigned 

15 separate or independent takeoff means, so that the process gases from the different tem- 
perature zones can be separated or separately collected (an example being the separate 
collection of the acidic process gases). This makes it possible for example to separate 
the acidic or corrosive phase (pre-carbonization, associated with SO2 emission) from 
the high-temperature phase (post-carbonization). This is because applicant has found 

20 that pre-smoldered/pre-carbottized starting material does not release any acidic or cor- 
rosive entities as the temperature is further increased. 

It may similarly be preferable to provide the carbonization apparatus with at least one 
lock (i.e. a sluice or transfer canal), in particular between individual successive tem- 

25 perature zones and/or within individual temperature zones, preferably at least between 
the second and third temperature zones, so that there is at least essentially no mixing 
through of process gases from different temperature zones between which at least one 
lock is disposed; this makes it possible to ensure that the acidic process gases (in par- 
ticular SO2) from the second temperature zone are not mixed with the other process 

30 gases for example and can be collected separately, if appropriate followed by disposal 
or reprocessing with subsequent recycling. For instance, the SO2 continuously expelled 
during the pre-carbonization in particular can be regenerated, in particular via a cata- 
lytic oxidation to SO3 and further conversion to sulfiiric acid and/or oleum. The pres- 
ence of one or more locks similarly makes it possible for gas to be specifically added to 

35 individual temperature zones (examples being the addition of minor amounts of oxy- 
gen) or to maintain a certain gas composition in certain temperature or reaction zones or 
parts of temperature or reaction zones (for example an inert atmosphere in parts of the 
pre-carbonization zone and a slightly oxidizing atmosphere in parts of the post- 
carbonization zone). 

40 

For advantageous process management, it is advisable to provide continuous tempera- 
ture transitions between the individual temperature zones and also within any one indi- 
vidual temperature zone and avoid large temperature differences (i.e. "temperature 
jumps"). This makes it possible to obtain particularly high-quality products, since in 
45 . particular bursting or shattering of the starting materials, as can occur when temperature 
jumps are large, is avoided. It is therefore similarly advisable for advantageous process 
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management to provide a temperature gradient within any one individual temperature or 
reaction zone as well, preferably such that the transition to the next temperature or reac- 
tion zone is at least essentially continuous, i.e. not abrupt, 

5 The process control can be specifically controlled by setting the temperature profile in 
the individual temperature zones and/or the temperature profile of the temperature gra- 
dient and/or by setting the speed at which the starting material moves through the tem- 
perature zones and/or the temperature gradient of the carbonization apparatus. 

10 The total residence time of the starting material in the carbonization apparatus is not 
critical and can vary within wide limits. It is generally in the range from 0.1 to 5 hours, 
in particular in the range from 0.25 to 4 hours and preferably in the range from 0.5 to 
3 hours. 

15 Carbonization is generally followed by an activation of the smoldered/carbonized mate- 
rial. This activation is generally effected under conditions known per se. The basic 
principle of activation is for a portion of the carbon generated in the course of carboni- 
zation to be selectively and specifically degraded under suitable conditions. This gives 
rise to numerous pores, fissures and cracks and the surface area of a unit mass increases 

.20 appreciably. Activation thus amounts to a specific burn-out of the carbon. Since carbon 
is degraded in the course of the activation, this operation is accompanied by a loss of 
substance which may be appreciable and which under optimal conditions is equivalent 
to an increase in the porosity and an increase in the internal surface area (pore volume). 
Activation is therefore effected under selective or controlled, oxidizing conditions. Cus- 

25 ternary activating gases are generally oxygen, in particular in the form of air, wat©r va- 
por and/or carbon dioxide and also mixtures of these activating gases. Since there is a 
danger with oxygen that it will act not selectively but over the entire surface (as a result 
of which the carbon bums off to a greater or lesser extent), water vapor and carbon di- 
oxide are preferred. Very particular preference is given to water vapor, if appropriate . 

30 mixed with an inert gas (nitrogen for example). To achieve an industrially adequate re- 
action rate, the activation is generally carried out at temperatures in the range from 
about 700 ''C to about 1 .200 ''C, in particular in the range fi-om about 800 °C to about 
1.1 10 °C, preferably in the range from about 850 °C to about l.OOO °C and more pref- 
erably in the range from about 900 °C to about 975 °C. The duration of the activation 

35 can vary within wide limits and can for example be in the range j&om about 0.5 to about 
6 hours, m particular in the range jfrom about 1 .5 to about 5 hours and preferably in the 
range firom about 2 to about 3.5 hours. 

According to the invention, the activation can be carried out in particular with a mixture 
40 of water vapor and nitrogen, in particular at temperatures in the range fi-om about 850 
to about 960 °C and preferably in the range from about 910 °C to about 930 The 
residence times can range from about 0.5 to about 20 hours, in particular from about 
2 hours to about 15 hours and preferably from about 5 hours to about 10 hours. 
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The activation can in principle also be carried out in the carbonization apparatus. But in 
general the activation is carried out in a distinct apparatus, in particular at separate loca- 
tions and times than the carbonization. 

5 The sole figure shows a diagram of a typical sequence for the inventive process accord- 
ing to a particular embodiment. The smolderable or carbonizable starting material 4a, 
for example polymer spherules based on divinylbenzene-crosslinked polystyrene, i.e. 
unsulfonated starting material, is provided in L The unsulfonated starting material 4a is 
then contacted with a suitable sulfonating agent, in particular sulfur triqxide, preferably 

10 in the form of an oleum-sulfuric acid mixture, and subsequently introduced portion- 
wise into dedicated reaction vessels 5 which continuously move on a suitable transport- 
ing or conveying means, in particular a moving transporting or conveyor belt, through 
the carbonization apparatus 2, in particular a belt oven, in the direction r. The carboni- 
zation apparatus comprises in the case of the illustrated embodiment three temperature 

15 zones which are each separated from each other by locks 7a, 7b, so that at least essen- 
tially no co-mixing of process gases from different temperature zones between which a 
lock 7a, 7b is disposed can take place, more particularly the acidic process gases from 
the second temperature zone are not commixed with the other process gases and can be 
collected separately. The starting material 4b contacted with the sulfonating agent is ini- 

20 tially sulfonated in the first temperature zone of the carbonization apparatus 2 and sub- 
sequently introduced mto a second temperature zone for pre-carbonization, in the 
course of which the sulfonic acid groups are detached or split off from the starting ma- 
terial, so that carbonization ensues with crosslinking of the free radicals formed. Fi- 
nally, the thus pre-carbonized material. 4c is transported via the transporting or convey- 

25 ing means 6 into a third temperature zone where it is finally further carbonized to form 
the carbonized product 4d. This can subsequently be fed to an activation 3 to obtain 
carbonized and activated carbon in sphere form. 

The present invention fiirther provides the products produced or producible by the proc- 
30 ess of the present invention, i.e. activated carbon in granule or sphere form. The con- 
tinuous operation of the process wherein the starting polymers are continuously, i.e. un- 
interruptedly, in particular without cooling of the pre-carbonized intermediate products, 
subjected to carbonization, gives activated carbon having improved properties, in par- 
ticular having improved mechanical and adsorptive properties. This is because applicant 
35 has found that a discontinuous operation in the case of carbonization with separation 
between pre-carbonization and post-carbonization, as customary in the prior art, in par- 
ticular with isolation of the pre-carbonized products with intervening cooling, is delete- 
rious with regard to the end-products. But this is precisely what is avoided by the proc- 
ess of the present invention. 

40 

As mentioned above, the particle size of the granulo- or spherocarbon obtained depends 
on the starting material. Commercially available starting materials generally lead to ac- 
tivated carbon granules or spherules having diameters of up to about 2 mm, in particular 
of up to about 1.5 mm or less, for example in the range from about 0.1 mm to about 
45 1 .0 mm, in particular in the range from about 0.2 mm to about 0.8 mm in diameter, hav- 
ing average values in the range from about 0.4 mm to about 0.5 mm. The spherical form 
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of the starting materials is preserved during carbonization and activation. In other 
words, the form of the starting materials makes it possible to control and determine the 
particle size of the end-product in a specific manner, and this constitutes a further ad- 
vantage of the process according to the present invention. The diameter of the thus pro- 
5 duced activated carbon granules or spherules is about 0.1 mm less than that of the start- 
ing polymers, so that the diameter of the spherocarbon can be controlled through appro- 
priate selection of the starting material. Sphere diameters in the range from about 
0.2 mm to about 1 .0 mm, in particular in the range from about 0.3 mm to about 0.8 mm, 
with averages in the range from about 0.4 mm to about 0.6 mm, are particularly useful 
10 for most applications. 

The activation makes it possible to obtain internal surface areas in the range from about 
800 m^/g to about 1500 m^/g and preferably in the range from about 900 mVg to about 
1200 m /g. The bursting pressure of an individual activated carbon granule or spherule 
15 is generally in the range from about 5 Newtons to about 20 Newtons. The bulk weight 
(apparent density) is in the range from about 400 g/1 to about 80O g/I and preferably in 
the range from about 500 g/1 to about 750 g/1. 

The granule- or spherocarbon obtained according to the present invention is very abra- 
20 sion-resistant, free-flowing, dustless and very pressure-resistant. The present invention 
similarly provides activated carbon granules or spherules of high strength, in particular 
abrasion-resistant strength, producible by the process of the present invention. 
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The activity of the spherocarbon is importantly determined by the pores in the activated 
carbon, in particular by the micropores having a diameter of up to about 20 A, since 
most of the molecules to be absorbed are on this order of magnitude. The micropores 
are generally also responsible for the main fraction of the internal surface area of the ac- 
5 tivated carbon. In addition, the so-called mesopores - occasionally also referred to as 
transitional or conducting pores - having diameters in the range from about 20 to about 
500 A are of importance, hi addition, there is also a fraction of still larger macropores. 
The properties of the end products can be controlled in a specific manner through the 
choice of starting materials and the process management for the activating step. A high 
10 fraction of micropores is desirable. 

One skilled in the art will know that pore volume, pore diameter and pore distribution 
vary according to the degree of activation and the pore system and the pore structure, in 
particular the pore diameter, and also the surfece structure of the end product can be in- 
15 fluenced in a specific manner through temperature and activation, so that reference may 
be made to the pertinent technical literature in this regard. 

The activated carbon granules or spherules produced by the process of the present in- 
vention exhibit good to excellent adsorptive properties. It is further possible to influ- 

20 ence or modify the adsorptive properties of the activated carbon granules or spherules 
produced according to the present invention by impregnation with catalysts (enzymes, 
metals such as for example copper, silver, platinum, chromium, zinc, mercury, palla- 
dium, cadmium, iron, etc. and also compounds of these metals) . The activated carbon 
product obtained according to the production process of the present invention may thus 

25 comprise a catalytically effective component, preferably a compound of a catalytically 
active metal The impregnation of activated carbon with catalysts is perfectly familiar to 
one skilled in the art, so that reference may be made to the pertinent technical literature 
in this regard. 

30 The activated carbon granules or spherules produced by the process of the present in- 
vention can be used for a very wide variety of applications. The activated carbon gran- 
ules or spherules produced by the process of the present invention can find utility for 
example for producing adsorption materials such as adsorption (sheet) filters, filter 
mats, odor filters, sheet filters for protective suits, in particular for the civilian and/or 

35. military sector, filters for indoor air cleaning, gas mask filters and adsorption-capable 
supporting structures or else for protective materials, in. particular protective suits 
against chemical poisons such as warfare agents, or for filters, in particular filters for 
removing noxiant, poisonous and/or odoriferous entities from air or gas streams. 

40 The present invention thus also provides adsorption materials, in particular filters of any 
kind such as adsorption (sheet) filters, filter mats, odor filters, sheet filters for protective 
suits, in particular for the civilian and/or military sector, such as protective suits against 
chemical poisons such as warfare agents, filters for indoor air cleaning, and also protec- 
tive suits, gas mask filters, filters for removing noxiant, poisonous and/or odiferous en- 

45 titles from air or gas streams produced therefrom and adsorption-capable supporting 
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Structures comprising activated carbon granules or spherules produced according to the 
present invention. 

Numerous further refinements, variations or modifications of the present invention will 
appear conceivable to one skilled in the art who reads the description without his or her 
leaving the realm of the present invention. 
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Claims: 

1. A process for producing granular, particularly spherical activated carbon by car- 
bonization of suitable carbonaceous polymers in the form of polymer granules, in 
particular polymer spherules, as a starting material, which are convertible by car- 
bonization into carbon at least essentially, 

characterized in 

that the polymer granules, in particular the polymer spherules, are continuously 
moved through a carbonization apparatus comprising a plurality of temperature 
zones and/or a temperature gradient so that an at least essentially complete con- 
version of the starting material to carbon is effected. 

2. The process according to claim 1, characterized in that the carbonization appara- 
tus used is a continuous rotary tube or a continuous rotary tube oven, or else in 
that the carbonization apparatus used is a belt oven, in particular an oxidizing belt 
oven. 

3. The process according to claim 1 or 2, characterized in that the polymer granules, 
in particular polymer spherules, are continuously moved through the temperature 
zones and/or the temperature gradient of the carbonization apparatus, in particular 
of the belt oven, by means of transporting or conveying means, in particular by 
means of a moving transporting or conveying belt, such that an at least essentially 
complete conversion of the starting material to carbon is effected. 

4. The process according to any one of the preceding claims, characterized in that 

. the starting material used comprises polymers in the form of polymer granules, in 
particular polymer spherules, based on styrene and divinylbenzene and containing 
chemical groups which, when thermally decomposed, lead to free radicals and 
thus to cross-linkages, in particular strongly acidic groups such as sulfonic acid 
groups. 
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5. The process according to claim 4, characterized in that the chemical groups lead- 
ing to cross-linkages, in particular strongly acidic groups such as sulfonic acid 
groups, are already present in the starting material and/or in that the weight ratio 
of polymers to sulfonic acid groups is in the range from about 5:1 to about 1:1 

5 and in particular in the range from about 2 : 1 to about 1:1. 

6. The process according to claim 4 or claim 5, characterized in that the starting ma- 
terial used comprises ion-exchanger resins, in particular preferably strongly acidic 
cation exchanger resins, in particular ion-exchanger resins having sulfonic acid 

10 groups, and/or acidic organic catalysts, such as catalysts for bisphenol synthesis 

or for MTBE synthesis. 

7. The process according to claim 6, characterized in that the starting material, in 
particular the ion-exchanger resins and/or the acidic organic catalysts, has added 

15 to it before and/or during the carbonization a sulfonating agent, preferably SO3, 

preferably in the form of sulfuric acid and/or oleum, in particular in an amount of 
about 1 % to about 30 % by weight of SO3, in particular 5 % by weight to about 
25 % by wei^t of SO3, based on the dry wei^t of the starting material. 

20 8. The process according to claim 4, characterized in that the chemical groups 
which, when thermally decomposed, lead to free radicals and thus to cross- 
linkages, in particular strongly acidic groups such as sulfonic acid groups, are, be- 
. fore and/or during the carbonization, mtroduced into the starting material, in par- 
ticular by sulfonation, preferably by addition of a sulfonating agent, in particular 

25 SO3, preferably in the form of oleum and/or sulfiiric acid, more preferably in the 

form of oleum mixed with sulfiiric acid, in particular wherein the non-sulfonated 
polymeric starting material is before being introduced into the carbonization ap- 
paratus contacted with the sulfonating agent, preferably such that the polymeric 
starting material is at least essentially completely wetted with sulfonating agent. 
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9. The process according to claim 8, characterized in that the sulfonating agent, in 
particular concentrated sulfiiric acid and/or oleum, is used in relation to the poly- 
meric starting material to be sulfonated in weight-based ratios of sulfonating 
agent/polymeric starting material in the range of from 0.2: 1 to 2: 1, in particular in 
the range of from 0.4:1 to 1.5:1, and/or in that the weight ratio of polymer/oleum 
20 % is up to about 1 : 1 or more, and/or in that the weight ratio of polymer/oleum 
20 %/sulfuric acid is about 1:1:0.5. 

10. The process according to claim 8 or 9, characterized in that the starting material 
used comprises polymer granules, in particular polymer spherules, based on sty- 
rene and divinylbenzene, and/or in that the starting material used comprises pre- 
cursors of ion exchanger resins. 

1 1 . The process according to one or more of the preceding claims, characterized in 
that the polymer granules, in particular polymer spherules, are porous, in particu- 
lar macroporous, and/or gel-like. 

12. The process according to any one of the preceding claims, characterized in that 
the carbonization apparatus comprises at least the following temperature zones in 
the following order: 

a) optionally, a first temperature zone ("sulfonating zone") where in the case 
that the starting material contains no groups which, when thermally decom- 
posed, lead to free radicals and thus to cross-linkages, in particular no 
strongly acidic groups such as sulfonic acid groups, or else in the case that 
such groups are to be additionally introduced into the starting material, these 
groups are introduced into the starting material, in particular by sulfonation; 
then 

b) a second temperature zone ("pre-carbonization zone" or "zone of acidic 
gases"), preferably having a higher average temperature than the first tem- 
perature zone, wherein in the second temperature zone the groups which, 
when thermally decomposed, lead to free radicals and thus to cross-linkages, 
in particular strongly acidic groups such as sulfonic acid groups, are detached 
of split off from the starting material, so that carbonization and/or thermal 
decomposition of the starting material ensues, preferably accompanied by a 
crosslinking of the polymers and/or a formation of carbon; and then 

c) a third temperature zone ("post-carbonization zone"), preferably having a 
higher average temperature than the second temperature zone, wherein in the 
third temperature zone further carbonization of the starting material resulting 
from the second temperature zone is performed, so that an at least essentially 
complete conversion of the starting material to carbon is effected. 

13. The process according to any one of the preceding claims, characterized in that 
the individual temperature zones are separately and/or independently controllable, 
and/or in that the individual temperature zones possess separate and/or independ- 
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ent exhaust means, so that the process gases from the different temperature zones 
are separated and/or separately collected, and/or in that the carbonization appara- 
tus comprises at least one lock, in particular between individual successive tem- 
perature zones and/or within individual temperature zones, preferably at least be- 
tween the second and third temperature zones, so that there is at least essentially 
no mixing through of process gases from different temperature zones between 
which at least one lock is disposed, and/or so that the acidic process gases from 
the second temperature zone are not mixed with the other process gases and can 
be collected separately, if appropriate followed by disposal or reprocessing with 
subsequent recycling. 

14. The process according to any one of the preceding claims, characterized in that 
the process control is performed by setting the temperature profile in the individ- 
ual temperature zones and/or the temperature profile of the temperature gradient 
and/or by setting the speed at which tiie starting material moves through the tem- 
perature zones and/or the temperature gradient of the carbonization apparatus, 
and/or in that the total residence time of the starting material in the carbonization 
apparatus is in the range from 0.1 to 5 hours, in particular in the range from 0.25 
to 4 hours and preferably in the range from 0,5 to 3 hours. 

1 5 . The process according to any one of the precedmg claims, characterized in that 
the first temperature zone is operated at temperatures in the range from 50 to 200 
°C, in particular in the range from 75 to 175 °C and preferably in the range from 
100 to 150 °C, and/or in that liie second temperature zone is operated at tempera- 
tures in the range from 100 to 500 in particular in the range from 150 to 450 
°C, and/or in that the third temperature zone is operated at temperatures above 
400 ''C, in particular above 450 T to 500 °C, and/or in that the third temperature 
zone is operated at temperatures in the range from 400 to 1 .200 °C, in particular 
in the range from 450 to 1.000 ^^C, preferably in the range firom 500 ''C to 900 
and more preferably in the range from 550 to 850 °C, 

1 6. The process according to one or more of the preceding claims, characterized in 
that the carbonized material is subsequently subjected to an activation. 

17. The process according to claim 16, characterized in that the activation is similarly 
carried out in the carbonization apparatus or else in that the activation is carried 
out in a distinct apparatus and/or at different locations and/or times than the car- 
bonization. 

1 8. The process according to claim 16 or 17, characterized in that the activation is 
carried out in a conventional manner, in particular wherein the activation is car- 
ried out in the presence of customary activating gases, such as oxygen, in particu- 
lar in the form of air, water vapor and/or carbon dioxide or mixtures of these acti- 
vating gases, preferably in the presence of a mixture of water vapor and nitrogen, 
and/or in particular wherein the activation is carried out at temperatures in the 
range from about 700 to 1.200 °C, in particular in the range from about 800 °C to 
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about 1 . 1 00 °C, preferably in the range from about 850 °C to about 1 .000 "^C and 
more preferably in the range from about 900 to about 975 ^C, and/or in particular 
wherein the duration of the activation is in the range from about 0.5 to about 
20 hours, in particular in the range from about 2 hours to about 15 hours and pref- 
erably in the range from about 5 hours to about 10 hours. 

19. Activated carbon granules, in particular activated carbon spherules, obtainable by 
the process according to one or more of claims 1 to 18. 

20. The activated carbon granules according to claim 19, characterized by an internal 
surface area in the range from about 800 m^/g to about L500 m^/g and preferably 
in the range from about 900 m^/g to about 1.200 m^/g, and/or by an average di- 
ameter in the range from about 0.1 mm to about 2.0 mm and preferably in the 
range from about 0,2 mm to about 0.8 mm with average values in the range from 
about 0.4 mm to about 0.6 mm, and/or by a bursting pressure in the range from 
about 5 Newtons to about 20 Newtons per granule or spherule and/or by a riddled 
weight in the range from about 400 to about 800 g/1 and preferably in the range 
from about 500 to about 750 g/1. 

21 . Use of activated carbon granules, in particular activated carbon spherules obtain- 
able by the process according to one or more of claims 1 to 1 8 for producing ad- 
sorption materials such as adsorption (sheet) filters, filter mats, odor filters, sheet 
filters for protective suits, in particular for the civilian and/or military sector, fil- 
ters for indoor air cleaning, gas mask filters and adsorption-capable supporting 
structures, 

22. Use of activated carbon granules, in particular activated carbon spherules, obtain- 
able by the process according to one or more of claims 1 to 1 8 for protective ma- 
terials, in particular protective suits against chemical poisons such as warfare 
agents, or for filters, in particular filters for removing noxiant, poisonous and/or 
odoriferous entities from air or gas streams. 

23. Adsorption materials, in particular filters of any kind such as adsorption (sheet) 
filters, odor filters, sheet filters for protective suits, in particular for the civilian 
and/or military sector, such as protective suits against chemical poisons such as 
warfare agents, filters for indoor air cleaning and also protective suits produced 
therefrom, gas mask filters, filters for removing noxiant, poisonous and/or odorif- 
erous entities from air or gas streams, filter mats and adsorption-capable support- 
ing structures comprising activated carbon granules, in particular activated carbon 
spherules, obtainable by the process according to one or more of claims 1 to 1 8. 
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Abstract: 

The invention relates to a process for producing granular, particularly spherical acti- 
vated carbon by carbonization of suitable carbonaceous polymers in the form of poly- 

5 mer granules, in particular polymer spherules, as a starting material, which are con- 
vertible by carbonization into carbon at least essentially, wherein the polymer granules, 
in particular the polymer spherules, are continuously moved through a carbonization 
apparatus comprising a plurality of temperature zones and/or a temperature gradient so 
that an at least essentially complete conversion of the starting material to carbon is ef- 

10 fected. 



